Introduction

P
ublic health surveillance is one of the pillars of monitoring and understanding trends in infectious diseases. The systematic collection, management, analysis, interpretation and dissemination of surveillance data also provide the basis for most public health actions. [1] [2] [3] [4] Examples of data that are routinely collected by most surveillance systems include, among others, demographics, clinical presentations, potential risk factors and sources of infection. In parallel, diagnostic laboratory services can provide valuable information on the examined samples, such as resistance profiling, strain characterization and typing, both from patients and potential sources of infection. 5 This allows surveillance stakeholders to, for instance, assess the contribution of different food, animal and environmental sources to the disease burden of zoonotic pathogens. 6 Public health surveillance data can also be used to detect changes in health practices, evaluate control measures, generate hypotheses and stimulate epidemiological research.
For the identification of risk factors, it is essential to compare exposures between cases and controls. However, information on controls is usually not collected on a routine basis by surveillance systems for infectious diseases. Therefore, epidemiological studies, particularly case-control or cohort studies and cross-sectional surveys, are often used to fill the gaps of surveillance activities. As these studies are usually restricted in time, space and pathogen/ disease, a repeated population survey may offer benefits to current case-based surveillance activities by providing timely data updates on (changing) exposures, such as food consumption, behavioural factors and activities. Parallel monitoring of cases and controls is necessary for properly detecting and following changes in disease risk over time. Furthermore, a repeated survey would allow us to monitor the effects of interventions towards reduction of risks identified in case-control comparisons.
In 2008, we extended the surveillance of gastrointestinal, foodborne and respiratory infections in The Netherlands with the aim to collect exposure data on controls for comparison with the cases. This was done by setting up a repeated population survey based on the administration of a questionnaire about potential risk factors for several gastrointestinal, foodborne and respiratory infections to a representative, dynamic sample of the Dutch population. In this article, we describe the rationale and methodology of the repeated survey, analyse the factors related to the response and discuss the benefits of this additional source of information to current surveillance activities for infectious diseases.
Methods
Sample selection
In The Netherlands, all people are required to register to their municipality of residence, which assigns a unique identification number (hereafter referred to as identifier) to each registered person. On request, municipalities can provide a random sample of these identification numbers. In April 2008, we asked 38 of the 441 municipalities, selected manually based on geographical location and level of urbanization in order to represent The Netherlands, to provide a random sample of 500-570 identifiers stratified by age group (0-4, 5-17, 18-40, 41-65, !66 years). The final database included 20 000 unique identifiers. In March 2010, 37 of the 431 municipalities were selected and contacted as previously, and provided a sample of 1250-1425 unique identifiers. Identifiers present in both databases were excluded from the second database, resulting in a new database with around 48 000 records. The first database was used to draw the mailing list for the first six mailing rounds (from July 2008 to February 2010), while the second database was used since the seventh mailing round (from June 2010 onwards).
Questionnaire administration
One month before mailing the questionnaire, a sample of 500 (1st mailing round) or 350 (2nd-14th mailing rounds) identifiers was drawn at random from the databases. Names and addresses were retrieved from the corresponding municipalities by submitting the identifiers via a centralized portal. At retrieval of the names and addresses, also data about gender, date and country of birth of the addressees and their parents were provided, as were decease and emigration. Based on the postal code, the respective municipality, province of residence and level of urbanization (5 levels, based on the number of addresses per square kilometre) were determined. Deceased people and emigrated people were removed from the list. People who moved to a municipality other than those of the approached municipalities were kept in the mailing list. The questionnaire was sent by post to the selected people within a maximum of 2 weeks after retrieval of the addresses. If the addressees themselves were not able to complete the questionnaire because of their age, disabilities or otherwise, their parents or caretakers were asked to fill in the questionnaire on the addressees' behalf. An envelope with a freepost number was included to return the questionnaire. Each of the addressees was mailed only once and no reminder was sent. After a mailing, names and addresses were destroyed to ensure anonymity through the identifier only. Ethical approval to conduct this study was not needed, as people were contacted only once with an anonymous questionnaire and contact information was then destroyed.
Questionnaire content
In The Netherlands, several infectious diseases are notifiable because of their high risk of causing outbreaks, severity of symptoms and/or for prevention purposes. The notification of a case is accompanied by a set of disease-specific information about putative risk factors. The survey questionnaire, which was mailed to controls three times a year, contained questions similar to those asked in questionnaires for patients with notified Shiga toxin-producing Escherichia coli (STEC) infections, listeriosis, legionellosis, psittacosis or patients with a hantavirus infection. The questionnaire can also be used for other respiratory or gastrointestinal infections, as long as the questions for cases and controls are phrased comparably, including the length of the period the questions refer to. If, for example, cases are asked what they had eaten in the 7 days before getting ill, the controls are asked to refer to the past 7 days before completing the questionnaire. The self-administered questionnaire contained 36, mainly closed-ended, questions (first-seventh mailings) and was subdivided into general/demography (10 questions), pregnancy and delivery (1 question), health status and underlying diseases (3 questions), food consumption (10 questions), contact with animals (9 questions) and travel and outdoor activities (3 questions). A question could consist of different items, for example, several food items. Two questions about activities were added to the 8th-14th mailings. Completing the questionnaire took around 10-15 min. Questionnaires were digitalized once a year, but if needed, for example, during an outbreak, entry was performed ad hoc.
Symptoms displaying disease differ between patients for most gastrointestinal and respiratory infections. Confirmation of a specific gastrointestinal or respiratory syndrome is mostly done by means of case definitions. Gastroenteritis was defined as experiencing diarrhoea or vomiting and two or more other symptoms (vomiting/diarrhoea, stomachache, nausea, fever, blood in stool), as reported over the past 4 weeks. This case definition is derived from that used in previous Dutch gastroenteritis population studies. [7] [8] [9] These symptom items not only allow exclusion from the analysis of the people reporting symptoms but also provide a baseline of the occurrence of such symptoms in the general population.
Data analysis
Questionnaire response rates were tested between groups using 2 test (two-sided, with P < 0.05). Common symptoms of respiratory and gastrointestinal infections, as reported by the respondents, are presented to give an overview of their occurrence in the general population. The prevalence of acute gastroenteritis was also estimated; controls reporting chronic bowel diseases or bowel cancer were excluded from this estimation. Data on population figures were derived from Statistics Netherlands to adjust the prevalence for age. The occurrence of gastroenteritis per person per year was calculated as the age-and season-adjusted proportion of gastroenteritis in a 4-week period multiplied by 365/28.
Results
Questionnaire response
Fourteen mailing rounds were performed between July 2008 and December 2012, with a total of 4926 questionnaires sent. Two addressees died between retrieval of the addresses from the municipalities and the mailing of the questionnaire, and other two addressees were abroad for a longer period of time, leaving 4922 addressees approached. The overall response rate was 36.3%. Around 50% of the completed questionnaires were returned within the first 4 days from shipment, and 70% within 1 week. Six percent of the questionnaires were returned after more than 1 month, with a maximum of 8 months.
The response rate of women was higher compared with men (table 1) . Response rate was lowest among addressees aged 20-34 years (25.3%) and highest in those aged 50-64 years (44.7%). Median age of the non-respondents was 49 years (range 0-98 years) compared with 54 years (range 0-96 years) of the respondents. Comparison of the age distribution of the respondents with that of Dutch general population showed an underrepresentation of the age groups 20-34 years (7.6% vs. 18.2%) and 0-19 years (13.6% vs. 23.9%), and an overrepresentation of the age groups 65-79 years (24.1% vs. 11.2%) and 50-64 years (30.0% vs. 19.9%). 10 People living in large cities responded less often than people living in areas with lower levels of urbanization (30.5% vs. 37.7%), and no effect was seen for province of residence (data not shown). The response rate was lower when both parents were born outside The Netherlands (22.5%) compared with one parent (32.2%) and both parents born in The Netherlands (38.2%).
Reported symptoms
Muscle/joint pain (44.4%) in the 4 weeks before completing the questionnaire was the most reported symptom (table 2) . This symptom has a broad range of possible causes, including sport activities that were not asked in the questionnaire. The second most reported symptom was having a running nose (39.4%), followed by having headache (32.1%). More specific and severe symptoms were reported less frequently, such as jaundice (0.1%), blood in the stool (1.4%) and fever (4.5%).
Prevalence of gastroenteritis
In the previous 4 weeks, 5 .6% of the respondents had had gastroenteritis (table 3) . Gastroenteritis was more prevalent in women, younger age and respondents from urbanized areas. When adjusted for the age distribution of the Dutch population and for season, this prevalence amounted to 1.0 gastroenteritis episodes per Extension of infectious disease surveillanceperson per year, corresponding to an incidence of 997/1000 personyears.
Economical account
Based on a response rate of 34%, costs were estimated to be about 15 euro per completed questionnaire, of which 5% for contacting municipalities and building the database, 75% for the shipment/return of the questionnaire and 20% for digitalizing the questionnaires into analysable data. The overall cost of three mailing rounds per year is estimated to be approximately E 5400 a year.
Discussion
We have extended the public health surveillance of infectious diseases, particularly that of gastrointestinal, foodborne and respiratory infections, by collecting data on controls from the general population using a repeated survey. The use of similar questionnaires for cases and controls not only enables us to compare the exposures of these groups in relation to a given disease or clinical manifestation, but also to monitor trends in specific symptoms, food consumption patterns, risk behaviours and activities in the general population. The repeated character of this survey makes it possible to follow these trends both in the short-and long term and allows us to detail such trends also by different population subgroups. Data on controls generated by the survey have already been used for preliminary comparisons with annual data from notifications of cases of listeriosis and STEC infections. 11, 12 This yielded novel epidemiological insights about risk factors and other determinants of sporadic infections that would have been hard to achieve without having timely information of our population controls. For example, listeriosis is mainly determined by underlying disease (e.g., immunosuppressive diseases), whereas behavioural and food factors (e.g., consumption of raw meat) are more important in STEC infections. More elaborate and dynamic case-control comparisons are therefore currently carried out for both listeriosis (in preparation) and STEC infections (in submission) in The Netherlands with comparable results as in the preliminary analyses. Survey data will also be used for studying other pathogens in the near future, starting with legionnaire's disease and psittacosis. Recently, some parts of the survey questionnaire were adjusted to fit better the information on cases of hepatitis A infection and for collecting further data on the practices of consumption of foods of animal origin to be used in Salmonella and Campylobacter source attribution studies.
Data collected by the survey can also be helpful when investigating outbreaks caused by gastrointestinal, foodborne and respiratory pathogens, especially when it is a diffuse outbreak in space and/or time. For instance, at the end of 2009, a national outbreak of Salmonella Typhimurium was detected in The Netherlands. 13 In the same period, the fifth mailing round had just been initiated. It was therefore decided to use the people answering that questionnaire as controls for the outbreak-related S. Typhimurium cases, which lead to 124 eligible controls for 14 cases. This approach proved to be effective and timely, as it was far less time consuming and labour intensive as the controls were already available and did not need to be approached and interviewed from the beginning. Furthermore, controls returned the questionnaire throughout the outbreak period, and their responses were less susceptible to recall bias than usual, as controls are often contacted long after the outbreak is detected. However, our mailings will not always be suitable for outbreak investigations. For instance, when the recall period of the controls deviates from that of the cases, the outbreak is regionally limited or important questions are missing in the control questionnaire. Yet, in most circumstances, the search of controls will be much easier as an extra, ad hoc sample can be taken instantly from the database with the unique identifiers.
The overall response rate in the survey was 36.3%. This is comparable or slightly higher than that reported by others, although reports of response rates are generally scarce. The response rate of a population survey investigating infectious intestinal disease in The Netherlands in 2010 was 33%.
14 In a recent Salmonella outbreak in England, a case-control study was performed and a mean of 3.6 telephone numbers had to be called for interviewing one control. 15 This amounts to a response rate of 28%. In two recent outbreak investigations in The Netherlands, the response of controls to a self-administered questionnaire was lower, with a 15% and 23% response rate in an outbreak of Salmonella 16 and hepatitis A, 17 respectively. The cause of the differences in the response rates of these two outbreaks is unknown, as the questionnaires were shorter, albeit with some more open questions, than the questionnaires in our population survey. Nevertheless, the extent of non-response bias is not necessarily proportional to the nonresponse rate. 18 In practice, a universal, minimally acceptable level of participation to a survey cannot be defined, as it depends on the study nature, population characteristics and event under investigation. In our situation, the questionnaire mainly consists of items about daily life without a clear specific topic that could deter or attract 
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Response was affected by gender, age, population density and parental origin. This lead to a small underrepresentation of men, young people (0-19 and 20-34 years), people living in large cities and persons with both parents born outside The Netherlands. Any analysis of the survey data that aims at being representative of the Dutch general population should therefore be adjusted at least for age, gender and degree of urbanization, either statistically or by matching. In some infectious diseases, matching of age groups is needed anyhow, as, for example, children are rarely diagnosed with listeriosis. Response was also dependent on country of birth of the parents; as this information is not often available for the notified cases, adjustment is not always possible. On the other hand, response of cases is likely to be also affected by parental origin, as this may proxy for different ethnic backgrounds and language problems.
The prevalence of gastroenteritis in a 4-week period of the control survey (5.6%) was somewhat lower than the percentage of cases with self-reported infectious intestinal disease (7.4%) measured in The Netherlands in 2009.
14 Yet, the figures for the age-adjusted estimates for the general population are more similar, with 1.0 episodes per person per year or 997/1000 person-years (our study) and 0.96 episodes per person per year or 964/1000 person-years in the 2009 study. 14 In conclusion, we have extended the public health surveillance of infectious diseases in The Netherlands to include also data on controls through a repeated survey of the general population. Data generated by this survey are helpful for a multitude of purposes, including outbreak investigations, trend analyses and exposure assessments. The drawbacks and possible biases of this population survey are inherent in the use of (voluntarily filled in) questionnaires and are similar to those of most case-control studies or crosssectional surveys. We also showed that the repeated survey is costeffective and may provide novel epidemiological insights towards risk group and risk factor identification and characterization for a variety of infectious diseases. Costs could even be reduced when using a web-based questionnaire, although this could lead to an underrepresentation of the elderly. Special attention should be drawn to the questionnaire content and shipment, as it has to contain questions phrased as similar as possible to those used for the cases (including the same length of reference period) and has to be easy or intelligible to read, fill in and send back. A compromise needs to be found between developing an elaborated questionnaire that can be used for many diseases and a user-friendly questionnaire that (all) people are able and willing to complete. a: Based on the date of completion of the questionnaire or when missing on return date; Winter = December-February, Spring = March-May; Summer = June-August; Autumn = SeptemberNovember.
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Key points
Extending infectious disease surveillance with a repeated population survey provides data on controls at any time of the year and offers the opportunity to follow changes in atrisk habits, food consumption patterns and activities. Data obtained from a population control survey can be used for a multitude of purposes, including case-control studies, outbreak investigations, trend analyses and exposure assessments. In the long term, a population control survey allows to set up case-control studies of rare, sporadic diseases that need years to collect enough cases. Implementing a repeated population survey is cost-effective and may provide novel epidemiological insights towards risk group and risk factor identification and characterization for a variety of infectious diseases.
